STATUS REPORT

03424-4-8

Pericd October 1, 1984 to HMazxch 31, 1965

FACILITY FORM 60

Laboratory for Fluid Flow and Heat Transport Phenomena

N65-87657
(ACCESSION NUMBER) (THRU)
7z %[
(FAGES) ( copm
Y/ A4
(NASA CR OR TMX OR AD NUMBER) (CATEGORY}

NASA Grant RsG-39-60/23-005-002
Entitled

\ V
\ CAVITATION EROSION PHEROMENA

ORA Project 034324

By

Frederick G. Hammitt

Department of Huclear Engineering
The University of Michigan
Ann Arbor, Michigan

June, 18865



I. INTRCDUCTION

The University of Michigan, Department of Ruclear Enginser-
ing cavitatiqn-erosion research program being conducted under
NASA Grant NsG-398-60 was approximately on schedule at the con-
clusion of thé report period from the viewpoint of expended
funds versus accomplishment, i.e., it appeared that the available
funds would be sufficient to complate the presently forseen
tasks. However, the effort had been at e lowor'iniensity than
had originally been forseen, so that the time period for the
completion of this work is somewhat longer than had been anticipated.

During the report period the work under the NASA Grant was
strongly conpliaanted by an NSF grant with ronghly parallel
objectives in addition to contract work for Atcmica International

which alse to some extent paralleled the NASA etfort.v'

The present report follows thd form and text of the previous
status report (03424-3~-8 for period April 1, 1984 to September 30,
1964) where these apply. Rew material is added where applicable.
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II. PRESENT OVERALL PROJECT GOAL

The overall program cbjective for the NASA and KSF grants
28 well as the Atomics International contract to some extent
iz broadly to assist the national cavitation research effort
to obtain the nscessary level of understanding and data to
allow cptimized designs of turbomachinery and other fluid-
flow compoltents froé;the viewpoints of cavitation performance
and damage. Special emphasis is to be placed upon the high-
temperature liquid-metal area as applied to SNAP powerplants,
etc. " |

More perticularly it is our presont minimum goal for the
NASA grant to complete the series of venturi® &amaze runs, both
to provide variations of single critical mechanical properties,
and to cbnplete the corollary msasurements of material mechan-
ical properties, so that cotrolating parameters relating ma-
terial mechanical properties to cavitation damage can be delin-
eated. The damage tests in water and mercury are mostly at room
temperature, althohgh some fests with 300C°F mercury have besn
made to obtain the effect of the higher vapor pressura.

A parallel program using a vibratory facility has been
conducted under the NSF grant vherein it is planned eventual-
ly to test most of the same mzterials tested in the NASA ven-
turi program in the 61brafory rig, at ths same temperatures
atteinable in the venturis. In addition, much higher temper-
ature tests are planned in the vibratory facility, still

©The facilities were described in sufficient detail in the
previous status report and in numercus other project reports.
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with those of the venturi-tested materials which are appli-

cable to such temperatures. Hkolten lead-biswmuth 2lloy has been
chosen for the high-temperature tests, since it offers an approxi-
mate “high-temperature merxcury", and also is more tractible with
respect to handiing problemg than most other liquid‘netgls. Water
and mercury will be used at room temperature, and lead-bismuth and °
mercury at 500°F (to compare with the mercury tumnel tests at that
temperature). At'tﬁe present writing the full program at SOOOP'and
at 1500°F with lead-bismuth hes been completed.

The venturi tests, in addition to exploring a2 very broad
range of material prdperties as nentioned above, must also examine the
effects of fluid velocity, pressures and pressure gradients, effects
of geometfy in that they perturdb the pressures and the velocities
(and their symmetry), effects of gas and/or other liquid trace im-
purities, and fluid temperature (and its efteéts On VAPOr pressure,
other fluid properties, material properties, etc.), effects of pre-
stressing the materials, etc. MNuch information and'detiiled data
have been achieved on meny of these during the present report period
and previously, but much yet resains to be done. For instance, it
is necessary to explore.single-paraaeter effects as e.g., the effect
of traces of gas and/or water in the mercury, the effect of altoiQ
ing the geometry to the extent of replacing a specimen arrangement
comprising two specimens with a 1200 separation with either a
three-gspecimen sy-nitric arrangesent or a two-specinnn 180° arrange-~
ment. All of these have boen used in the program, and it has béen
found that there are apparsntly substantial differences in damage
rates attributable to‘these relatively minor changes of geometry.

At present it 1a’believed that this is due to the non-symmetries
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introduced by one of the arrangements and the resultant croes-

flows which result in small local vortices off the specimen edges.
This situation points up the present likelihood that very minor geo-
metrical changes in a flowing system (as opposed to a vibratory
system) can change damage rates by orders of magnitude. For example,
the substitution of a pin-specimen for a plate specimen in the ven-
turi increased damage rates by several orders ot magnitude. This
situation is also evident in tests or pumps whors vortex-cavitation
is often found to be oxtremely damaging compared to that generated
by translatory flows.

In addition to the cavitation tests it has been necessary to
conduct a parallel brogrdn of mechanical property tests on the var-
ious alloys used for the damage tests, at the applicable temper-
atures, since it éas found that handbook values even for very stan-
dard materials are not at all sufficient, and that very substantial
variations in important meckanical properties occur between differ-
ent samples of supposedly the same material. This program at thé
present writing is nearly complete.

It is also desired to examine the cavitation damage by sec-
tioning selected samples to observe sffects on the microstructure,
and in all csses to examine carefully the damaged surfaces to mon-
itor the type and distribution of pitting. Various special tests
have been conducted as, e.g., one in which the micrchardness of
the cavitated gurfaces for several chosen‘lﬁterials was carefully
measured before and after various degrees of exposure to cavita-
tion. 1t has been observed in this particular case that the sur-
face hardnmess did increase substantially as cavitation proceeded,
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but as a function of the local intensity of cavitatiocn.

When the data from all of the above have been cobtained, it
is expected that it will be possible to formulate correlating
equations aliowing at least the approximate prediction of cavita-
tion damage for flows similar to those investigated a2s a function
of material properties (including prestressing effects), fluid pro-
perties (including gaseous -and liquid impurity effects), the possible
coupling terms between these, and flow parameters such as pressure,
pressure gradient, velocity, vorticity, etc. A quite sophisticated,
conputeriéed regression analysis is being used to obtain the desired
correlating equations, and preliminary indications are that the
effort will be successful. It will then be possible to obtain a
very direct comparison between the resulis from the flowing and
vibratory (static) facilities, an objective which has been long de-
g8ired but not yet attained.

In addition, more basic theoretical bubble-dynamic studies have
and will be continued. While these of necessity must deal with con-
siderably over-simplified casee, they are capable of allowing a com-
parison befieen anticipated damage effects with different fluids
and flow conditions, as well as shedding light on the basic mech-
anises. For exanple, a just-completed study of the collapse of a
single bubble in an infirnite fluid in which all applicable real fluid
effects were considered, showed that the pressures generated on a
nearby structural member during collapse, were not sufficient general-
ly to cause the observed damage. On the other hand, pressures of
damaging magnitude in the vicinity of rebounding bubbles can be

shown to exist. It is now planned to investigate the effects of
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of asymmetries in the collapse which recent experimental and theo-
. retical evidence indicate are likely to be of extreme importance in

the actual process.
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I1XI. PROGRESS DURING PRESENT REPORT PERICD

A. Damage Testing in Water Tunnel Facility

The materials involved in the water venturi damage test program
were described in detail, along with the reasons for their choice,
in the last status report. The water damage test program was con-
tinued along the lines set forth in the last status report, and a
total of approximately 5670 specimen-hocurs was accrued during the
present report period. The originally planned water damage program
is at present nearly complete as is the comparable mercury damage
program. However, scme special purpose tests remain in both cases.

During the period a new 40 hp variable-speed drive unit was
installed on the water facility as the original unit (World War II
surplus vintage) failed.

B. Cavitation Performance Testing in Wate; Facility

In order to obtain the overall correlations previously dis-
cussed relating damage to flow paramsters it is also necessary to
relate cavitation condition to these same flow parameters. Hence
investigations involving ueasurenents_pt pressure profiles along
the venturis twvo~dimensional model, as a function of velccity,
fluid, temperature, gas content, etc. have proceeded during the past
report pericd. In addition measurements of local pressures along
the test specimen faces themselves, and high-speed motion pictures
of the flow have been continued. These tests have been associated
with three Ph.D. theses (ons of which is now completed) and have
been partially supported by the NSF grant, the Atomics International
contract, and the NASA grant.
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C. Damage Testing in Mercury Tunnel Facility

This program also was described in detail in the last
status report, and, during the present report period, has pro-
ceeded along the lines so indicated. A total of 2854 specimen-

bours was accrued.

D. Performance Testing in Mercury Tunnel Facility

Considerable work similar to that listed above for water
facility was conducted during the report periocd. This is connected
with the same Ph.D. Theses.
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